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ABSTRACT

BACKGROUND: Acute type A aortic dissection (ATAAD) is one of the most mortal cardiovascular diseases and requires urgent
diagnosis and surgery. The patient’s clinical findings, complications, and patient’s history are closely related to mortality rates. Cardiac
surgery score (CASUS) is a scoring system which is calculated by considering the special pathophysiological conditions of patients
undergoing cardiac surgery and predicts post-operative results with high accuracy.

METHODS: Following the ethical approval from institutional ethics committee (ID: 2021/7/496), the data of consecutive 50 ATAAD
patients who underwent emergent surgery in our hospital between January 1, 2019, and December 31, 2020, were evaluated. The Se-
quential Organ Failure Assessment and CASUS scores were calculated using the worst values of the daily laboratory and neurological
status for both in admission to emergency department and during intensive care unit (ICU) follow-up period. The average and the total
values of these scores were recorded for pre-operative, post-operative |* day, and for the categorical data were defined as frequency and
percentage. We used the Mann—Whitney U test for the independent continuous data comparisons and Pearson Chi-Square or Fisher ex-
act test for categorical data comparison whole ICU period. Continuous data were presented as median and interquartile ranges (25-75%).

RESULTS: The study comprised 50 patients, the rate of death was 34% (n=17). In total group, there were hypertension 72% (n=36),
diabetes mellitus 24% (n=12), initial hemoglobin 12.5 g/dL (10.7-14.1, 25-75%), creatinine 1.09 mg/dL (0.85-1.33, 25-75*), and 72%
(n=36) of these patients were male. The CASUSmean and SOFAmean scores were higher in the death-group when compared with
the group who survived (12.9 [9.5-13.8, 25-75%], 3 [2-5, 25-75*]; 8 [6.1-9.2, 25-75%], 2.6 (2—4.5, 25-75"], p<0.001, respectively].
CASUSmean was independently associated with the |-month mortality in model | (HR 1.25 [I.14-1.37] (p<0.001).
CONCLUSION: According to our results increase in CASUS mean was the main predictor of | month mortality. When CASUS
mean exceeds 8.3 the patient should be followed up more carefully for major adverse events including death.

Keywords: Acute type A aortic dissection; cardiac surgery score; mortality; sequential organ failure assessment score.

INTRODUCTION and surgery. It is associated with a 58% mortality rate with

only medical treatment and an average of 27% mortality in
Acute type A aortic dissection (ATAAD) is one of the most  patients who undergo surgical intervention.['l The patient’s
mortal cardiovascular diseases and requires urgent diagnosis  clinical findings, complications, and patient’s history are
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closely related to mortality rate.l”! The presence of rupture,
hypotension, shock, tamponade, pulse deficit, and acute re-
nal failure during admission to the emergency department
increases the mortality rate.’] However, these clinical condi-
tions are not enough for predicting morbidity and mortality
rate.

To predict the mortality, morbidity, and the severity of the
disease in critical patients, scoring systems are implemented.
Several factors that increase the risk of in-hospital mortali-
ty and morbidity have been demonstrated: including specific
clinical conditions and urgency following the administration
to hospital and intensive care unit (ICU). The ideal scoring
system should consist of variables that can be easily and
routinely recorded, be well calibrated and highly distinctive,
applicable to all patient groups and also be able to predict
functional status and quality of life after being discharged
from ICU.M! At present, the most established scores are the
Acute Physiology and Chronic Health Evaluation (APACHE)
Il, the Simplified Acute Physiology Score Il, and the Sequential
Organ Failure Assessment (SOFA). Although all these scoring
systems can be used for cardiovascular diseases, it has been
shown that patients might be under estimated with them and
Cardiac Surgery Score (CASUS) has been developed to com-
plement those deficiencies.F!

The aim of this study is to compare the efficiency of scoring
systems in terms of mortality and morbidity in patients un-
dergoing emergent surgery for ATAAD.

MATERIALS AND METHODS

Study Design

Following the ethical approval from institutional ethics com-
mittee (ID: 2021/7/496), the data of consecutive 50 ATAAD
patients who underwent emergent surgery in our hospital
between January |, 2019, and December 31, 2020, were

evaluated. Patients’ information in our data base was ret-
rospectively reviewed. Patients who underwent emergent
surgery for ATAAD whose clinical symptoms started in <24
h were included in the study. Patients who did not undergo
surgery within 24 h after the diagnosis were excluded from
the study.

Anesthetic and Surgical Procedure

Anesthetic induction with intravenous fentanyl (5-10 mcg/
kg) and propofol (I-2 mg/kg) and endotracheal intubation
with rocuronium (0.5 mg/kg) was performed. Anesthesia
was maintained with repeated intravenous bolus of fentanyl,
rocuronium and 2% sevoflurane in 60% oxygen-air mixture
during the operation. Patients were heparinized (300 U/
kg) and median sternotomy was performed after adequate
activated clotting time (>400 s). Cardiopulmonary bypass
(CPB) was established by arterial cannulation for antegrade
perfusion through right axillary artery and venous cannula-
tion through the right atrium. Patients were cooled down to
22-24° C with partial requirement of CPB (10 mL/kg flow
velocity) while performing the distal aortic anastomosis.
Moderate/deep hypothermic cardiac arrest during cerebral
antegrade perfusion (CAP) is crucial to limit the cerebral,
as well as the cardiac damage. Cerebral perfusion monitor-
ing was performed by intraoperative measurements using
near-infrared spectroscopy (NIRS). Methylprednisolone (10
mg/kg) and thiopental (15 mg/kg) were administrated during
cooling to reduce cerebral metabolic requirements. The
mean CPB time was 195 (148-251) min with a mean aor-
tic cross-clamp (AoXCl) time was 89 (65.5-121) min. The
patients were weaned-off CPB properly after reestablishing
the circulation and transferred to ICU as sedatized and intu-
bated with stabilized hemodynamics.

Demographic information, pre-operative laboratory, and ra-
diological findings, mean duration of the operation, post-op-
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Figure 1. CASUS score and SOFA score.
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erative neurological status and laboratory/screening results
during ICU period were recorded for all the patients. The
SOFA and CASUS scores (Fig. 1) were calculated using the
worst values of the daily laboratory and neurological status
for both in admission to emergency department and during
ICU follow-up period. The average and the total values of
these scores were recorded for pre-operative, post-opera-
tive |*t day, and for the whole ICU period. The clinical results
were defined as post-operative morbidity and mortality. The
death of the patient within the first 24 h of the operation was
defined as perioperative mortality and death in the I** month
was defined as early mortality.

Statistical Analysis

Continuous data were presented as median and interquartile
ranges (25-75%), and categorical data were defined as fre-
quency and percentage. Mann-Whitney U test was used for
the independent continuous data comparisons and Pearson
Chi-square or Fisher exact test for categorical data compar-
ison.

Outcome Variable
All-cause death in the I-month follow-up.

Candidate Predictors
We included Age, Creatinin, as two-candidate predictors for
all models. The association of CASUS = with two candi-

initial

date predictors was evaluated using penalized Cox regres-
sion (Model-1). In model 2, we used “CASUS__ ", instead of
CASUS _, but other variables were the same. In model 3,

initial’
we used SOFA instead of CASUS__,

initial”
were the same as model-1. In model 4, we used SOFA
instead of CASUS

initial”

but other variables
'mean’
but other variables were the same as
model-1.

Statistical Modeling

To detect all-cause mortality predictors, multivariable penal-
ized Cox proportional hazard regression was used to min-
imize over-fitting and to decrease bias. Effects of individual
predictors were reported using Hazard-ratio and 95% confi-
dence interval. Candidate predictors of multivariable regres-
sion model were selected according to the literature, consen-
sus opinion by an expert group of physicians, and our focused
variables CASUS and SOFA. In addition, visual depiction of
mortality between CASUS low and CASUS high made by
Kaplan-Meier curve, log-rank test was used for group com-
parison.

Model Performance Measurement

Performance of the models measured by Likelihood ratio X,
(higher value is better), Adjusted R, (higher value is better),
and the Harrel C-index (c-statistics measures the discrimina-
tive ability of the model, and values closer to 1.0 are better).
The models were compared according to the assessment of
fit (likelihood ratio Chi-square), adjusted R, and discrimina-

1300

tive index the C-index values were used to compare model
I, 2, 3, and model 4.

For all-statistical analyses, two tailed P-value of <0.05 was
considered as statistically significant. Statistical analyses were
performed using R version 4.01 software (Vienna, Austria)
with “rms” “ maxstat,” and “coxphf”
packages.

”

survival,” “ggplot,,

RESULTS

The study was consisted of 50 patients, the rate of death was
34% (n=17). Among these patients the predictor variables are
as follows; hypertension (HT) 72% (n=36), diabetes mellitus
24% (n=12), initial hemoglobin 12.5 g/dL (10.7—14.1, 25-75%),
and creatinine 1.09 mg/dL (0.85-1.33, 25-75%). About 72%
(n=36) of these patients were male. Need of Frozen Fresh
Plasma 2U (1-3, 25-75%), ICU stay 3 day (2-5.75, 25-75).
The mean CPB time was 195 (148-251) min with a mean
aortic cross-clamp (AoXCl) time was 89 (65.5-121) min.
There was no statistical difference between survived and
death group in terms of age, gender, DM, HT, and aortic re-
gurgitation. However, usage of Erythrocyte Suspension, AoX-
Cl duration, CPB duration, and CAP duration was higher in
death group when compared with the survival group. Rest of
variables is shown in Table |.

There was no statistically significant difference between
death and survival group in terms of NIRS-LI, -L2 and -RI.
However, the CASUS__  SOFA__ score were higher in the
death-group when compared with the group who survived
(12.9 [9.5-13.8, 25-75%], 3 [2-5, 25-75*]; 8 [6.1-9.2, 25—
75, 2.6 [2—4.5, 25-75*) <0.001, <0.001, respectively). Rest
of variables is shown in Table 2.

The relationship CASUS__ was examined in model-2. CA-
SUS, .. was independently associated with the I-month mor-
tality in model 1 (HR 1.25 [1.14-1.37] [p<0.001]), (Table 3,
model-2). In addition, the SOFA__ was examined in model 4.
SOFA__  was independently associated with death (HR1.33
[1.17-1.51] [p<0.001]) (Table 3).

The performance of base model-I model-2, model-3, and
model-4 is demonstrated in Table 3. The likelihood x?, C-in-
dex, and adjusted R, values for model-2 were higher than
model- I, model-3, and model-4 (higher value is better) (Table
3).

The maximally selected rank statistic, which provide us, the
classification of CASUS__ into two groups for predicting
mortality (Fig. 2). Kaplan-Meier curve showed higher mortal-
ity in CASUS__ high score group when compared with low

score group, log-rank test p<0.001 (Table 4, Fig. 3).

The causes of perioperative mortality (n=11, 65%) in our pa-
tients were, bleeding (n=4, 36%), low cardiac output (n=4,
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Table I. Baseline clinical labaratory, operation and imaging variables comparison between death and surviver group
Variables All (n=50) Survive (n=33) Death (n=17) p
Age (year) 55 (41.5-67.5) 54 (47-59) 59 (54-72.5) 0.06
BSA (m?) 1.94 (1.81-2.02) 1.94 (1.85-2.1) 1.94 (1.79-2) 0.37
Gender (male), n (%) 38 (76%) 25 (75.8%) 13 (76.5%) 0.95
HT, n (%) 36 (72%) 24 (72.7%) 12 (70.6%) 0.87
DM, n (%) 12 (24%) 7 (21.2%) 5 (29.4%) 0.52
EF (%) 60 (55-65) 60 (55-65) 60 (52.5-62.5) 0.29
AR, n (%)

0 1 (2) 1 (3) -

I 12 (24) 9 (27.3) 3(17.6) 0.69

2 23 (46) 15 (45.5) 8 (47.1)

3 14 (28) 8 (24.2) 6 (35.3)
Creatinine (mg/dL) 1.09 (0.85-1.33) 1.03 (0.84-1.33) 1.25 (1.03-1.33) 0.04
Bilirubin (mg/dL) 0.94 (0.27-2.04) 0.91 (0.36-1.02 0.96 (0.27-2.04) 0.187
Hemoglobine (g/dL) 12.5 (10.7-14.1) 12.6 (10.1-14.2) 12.1 (10.8-14.1) 0.99
Hematocrit (%) 38.7 (32.6-42.2) 39.7 (30.6-43.3) 38.1 (32.8-41.5) 0.83
Erythrocyte Suspension (unite) 2.5 (1-4.75) 2 (1-3) 5(3-7) 0.0l
Frozen Fresh plasma (unite) 2 (1-3) 2 (1-3) 2 (1.5-3.5) 0.99
Operation duration (hour) 6 (5.1-7) 5.5 (5-6) 8 (7-9) <0.001
AoXClI duration (minutes) 89 (65.5-121) 76 (62—-115) 104 (83-143) 0.04
CAP duration (minutes) 37 (25.8-52.3) 32 (24-39) 67 (40-107) 0.045
CPB duration (minutes) 195 (148-251) 156 (123-214) 300 (208-389) 0.002
Extubation duration (hour) 20 (8.5-38) 13 (8-34) 24 (19-34) 0.11
ICU stay (day) 3 (2-5.75) 4 (3-5) 2 (1-12) 0.96
Hospital stay (day) 8 (6-11.8) 9 (7-11) 2 (1-12) 0.02

Continuous varibales presented median (25%-75%), cathegorical variables presented number and percent. BSA: Body surface area; HT: Hypertension; DM: Diabetes

mellitus; EF: Left ventricular ejection fraction; AR: Aortic regurgation; AoXCl: Aortic cros clemp; CAP: Cerebral antegrade perfusion; CPB: Cardiopulmonary bypass;

ICU: Intensive care unit.

36%), and aortic ruptur/tamponade (n=3, 28%), and the caus-
es of early mortality (n=6, 35%) were, neurological events

Table 2. Baseline ICU disease severity scores comparison between death and surviver group
All (n=50) Surviver (n=33) Death (n=17) p
NIRS-L, 62 (52-67) 62 (54-67) 55 (49-69) 0.31
NIRS-L, 52 (45-57) 52 (47-58) 51 (44-54.5) 0.23
NIRS-R| 59 (52-64.8) 6l (57-67) 58 (51.5-62.5) 0.18
NIRS-R, 51 (47-58) 54 (48-62) 48 (44-50.5) 0.0l
CASUS, .. 3.5 (2-7) 3 (2-5) 7 (5-10.5) 0.002
CASUS__ 4.5 (2.5-9.8) 3 (2-5) 12 (9.5-13.8) <0.001
CASUS__ 12.5 (7-29.8) Il (5-25) 23 (10.5-55.5) 0.13
SOFA, ., 2 (1-5) I (1-2) 54-7) <0.001
SOFA 4.35 (2.3-6.8) 2.6 (2-4.5) 8 (6.1-9.2) <0.001

mean

Continuous variables presented median (25®"-75%) and compared with Mann-Whitney U test. ICU: Intensive care unit;

NIRS: Near infrared spectroscopy; CASUS: Cardiac surgery score; SOFA: Sequential organ failure assessment.

Ulus Travma Acil Cerrahi Derg, September 2022, Vol. 28, No. 9

(cerebral edemalischemic stroke; (n=4, 68%), bleeding (n=1,
16%), and sepsis (n=1, 16%).
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Table 4. Comparison between CASUS__ -high and -low group

No of patient No of event I-month Survival probability Confidence interval
CASUS__ =high 14 12 14.3% 4%-51%
CASUS___ =low 36 91.7% 83%—100%

CASUS: Cardiac surgery score.

ity and morbidity in ICU for patients who underwent any
surgical procedure. It is a reliable score which has also been
recommended in recent studies.’~'"l The pathophysiological
effects of heart-lung machine, sedative drugs for post-opera-
tive stabilization, and long duration of mechanical ventilator
limit the reliability of these scoring systems such as SOFA
score.l'l CASUS is a scoring system which is calculated by
considering the special pathophysiological conditions of pa-
tients undergoing cardiac surgery and predicts post-operative
results with high accuracy in this patient group.®!

Although all scoring systems highly correlate with clinical out-
comes in patients who undergo cardiovascular surgery, CA-
SUS has been shown to be more reliable and more beneficial
in risk stratification in this patient population. Badreldin et
al. reported in their study that they predicted mortality after
cardiovascular surgery with a high percentage of all CASUS
derivatives and especially the CASUS__ value.® In another
study they compared SOFA and CASUS scores, they showed
that the CASUS score was more accurate in predicting sur-
vival and mortality than SOFA for all days in ICU.I' Exar-
chopoulos et al. evaluated the post-operative 30-day results
of patients who underwent cardiac surgery and stated that
the CASUS score was better than the EuroSCORE Il score
for predicting mortality in terms of both discrimination and
calibration, and the SOFA score for morbidity prediction.!'!
In another study, it was shown that CASUS was the best
predictor of mortality, followed by ICNARC, Logistic Eu-
roSCORE and APACHE II, additionally ICNARC score was
the most accurate predictor of renal and pulmonary com-
plications, followed by CASUS.I'! When the CASUS__ and
SOFA__ values of the patients who died and survived in our
study were compared, we found that these scores were high-
er in the patients who died. We found that the CASUS__
score is a better predictor of mortality than the SOFA__
score (CASUS__ c-index:0.850, SOFA _ c-index:0.836). In
addition, according to the results of our study, the endpoint
value of CASUS__ was 8.3, and the |-month estimated sur-
vival probability of patients within the high-score group was
14.3%, while in low-score group it was 91.7%.

an

In a larger registry, in-hospital mortality in patients with acute
aortic dissection is 27.4%. The most common causes of death
in Type A dissections are aortic rupture or cardiac tampon-
ade (41.6%) and visceral ischemia (38.5%).1 Cardiac events
are the most common cause of postoperative early mortality
in patients with ATAAD, followed by neurological and vas-

Ulus Travma Acil Cerrahi Derg, September 2022, Vol. 28, No. 9

cular complications.l'® Furthermore, renal, and visceral isch-
emia are associated with high operative mortality.l'} In this
study, we found the mortality rate as 34% (n=17) in ATAAD
patients who underwent emergent surgery. The number of
the patients who died perioperative was || and the most
common causes of death were bleeding and/or low cardiac
output; however, the most observed cause of early mortality
was neurological events.

Study Limitations

Our study had several limitations. First, this was a retrospec-
tive study implemented in a single center. Second, because of
the nature of regression analyses, unmeasured variables may
exist. Although our center is a tertiary cardiac center; we
still lack enough population sample for definitive conclusion,
further studies are needed to determine the importance of
CASUS

mean”

Conclusion

According to our results, CASUSmean score was the better
predictor of | month mortality compared other scoring sys-
tem. When CASUS__ exceeds 8.3 the patient should be fol-
lowed up more carefully for major adverse events including
death.
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ORIJINAL CALISMA - 0Z

Acil akut aort diseksiyonu cerrahisi sonrasi mortalite tahmininde sirali organ yetmezligi
degerlendirme skoru (SOFA) ve kardiyak cerrahi skor (CASUS) sistemlerinin
kargilagtirilmasi
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AMAGC: Akut tip A aort diseksiyonu (ATAAD) en &limciil kardiyovaskdiler hastaliklardan biridir ve acil tani ve ameliyat gerektirir. Hastanin klinik
bulgulari, komplikasyonlari ve hastaligin gegmisi 6lim oranlari ile yakindan iligkilidi. CASUS, kalp cerrahisi geciren hastalarin 6zel patofizyolojik
durumlar dikkate alinarak hesaplanan ve ameliyat sonrasi sonuglari yiiksek dogrulukla dngéren bir skorlama sistemidir.

GEREC VE YONTEM: Kurumsal etik kurul (ID: 2021/7/496) onayi alindiktan sonra | Ocak 2019-3 | Aralik 2020 tarihleri arasinda hastanemizde
acil cerrahi uygulanan 50 ATAAD hastasinin verileri degerlendirildi. SOFA ve CASUS skorlari hem acil servise bagvuru hem de YBU takibi siiresince
glinliik laboratuvar ve nérolojik durumun en kotl degerleri kullanilarak hesaplandi. Bu skorlarin ortalama ve toplam degerleri ameliyat 6ncesi, ame-
liyat sonrasi ilk giin igin kaydedildi ve kategorik veriler frekans ve ylizde olarak tanimlandi. Bagimsiz stirekli veri karsilastirmalari igin Mann-Whitney
U testini ve kategorik veri karsilastirmasi icin Pearson ki-kare veya Fisher kesin testini kullandik. Stirekli veriler medyan ve ceyrekler arasi araliklar
(25-75) olarak sunuldu.

BULGULAR: Calisma 50 hastadan olusuyordu, oliim orani %34 (n=17) idi. Toplam grupta hipertansiyon (HT) %72 (n=36), diabetes mellitus %24
(n=12), baslangic hemoglobin 12.5 g/dL (10.7-14.1, 25.-75.), kreatinin .09 mg/dL (0.85-1.33, 25.-75), bu hastalarin %72’si (n=36) erkekti.
CASUS__ ., SOFA__ . skoru hayatta kalan hastalara gore olen hasta grubunda daha yiiksekti (12.9 (9.5-13.8, 25.-75.), 3 (2-5, 25.-75.); 8
(6.1-9.2,25.-75.), 2.6 (2-4.5, 25.-75.), p<0.001 sirasiyla). CASUS model |’de bir aylik mortalite ile bagimsiz olarak iliskili bulundu (HR 1.25
(1.14-1.37) (p<0.001).

TARTISMA: Sonug olarak, CASUS__ 'daki artis, bir aylik mortalitenin temel prediktoriidir. CASUS
dahil 6nemli istenmeyen olaylar agisindan daha dikkatli izlenmelidir.

Anahtar sozciikler: Akut tip A aort diseksiyonu; Kalp Cerrahisi Skoru; mortalite; Sirali Organ Yetmezligi Degerlendirme Skoru.
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